Structure of an α-glucuronidase in complex with Co2+ and citrate provides insights into the mechanism and substrate recognition in the family 4 glycosyl hydrolases.
Glycosyl hydrolases belonging to the family 4 (GH4) use a unique redox-based NAD+-dependent reaction mechanism involving anionic intermediates and requires a divalent metal ion and reducing conditions for catalytic activity. These enzymes display wide specificity and selectivity for their substrates. However, the structural basis of substrate binding, recognition and specificity remains poorly studied. Here, we report the crystal structure of Thermotoga maritima TmAgu4B, a GH4 α-glucuronidase, in complex with Co2+ and citrate. Analysis of GH4 structures show that the metal ion is present in a conserved octahedral coordination with conserved side chain atoms, the ligand atoms and an invariant water molecule. The data provides the first structural evidence for a metal-activated hydroxide ion that acts as the general base to deprotonate the C3-hydroxyl group of the glycone, a rate-limiting step in the mechanism. Furthermore, the citrate binding mode in the active site is analogous to a bound glucuronide substrate and provides insights into the mode of substrate interaction with the metal ion, the active site residues and, the structural basis of substrate recognition in a GH4 α-glucuronidase.